Background: This prospective study was conducted to assess changes in quality of life (QOL) of patients who undergo a partial laryngectomy.
| I NT ROD UCTI ON
Management of local and locally advanced laryngeal cancer has evolved extensively over the past years. 1 To preserve the larynx, nonsurgical treatments were the first choice, 2 but then the focus has turned to partial laryngectomy, a procedure that offers excellent local control rates, low morbidity, and functional larynx preservation with fewer adverse effects. [3] [4] [5] Currently, this comparatively small intervention seems to be a promising alternative both to primary radiotherapy (RT) for patients with early-stage tumors 6 and total laryngectomy or radiochemotherapy for patients with more advanced tumors. 7, 8 In addition to vertical partial laryngectomy and supraglottic laryngectomy, approaches, such as transoral laser microsurgery (TLM) and supracricoid partial laryngectomy, present an increased variety of treatment options made even more diverse when combined with adjuvant radiochemotherapy. Previous research has revealed that the largest quality of life (QOL) changes that patients with laryngeal cancer experience are observed within the first year after surgery, and that significant deterioration occurs just after treatment completion. 9 As far as longer term effects are concerned, only few improvements have been seen to occur between the 1-year and 3-year follow-up examinations. 10 To our knowledge, only 2 longitudinal studies have reported QOL in the first year after partial laryngectomy. 11, 12 One study by Vilaseca et al 11 investigated 93 patients' QOL before and 12 months after TLM using the University of Washington Quality of Life Questionnaire and the Short Form Health Survey-12 (SF-12) questionnaire. These patients showed a good global QOL with improved mood, pain, and anxiety scores 1 year later. Generally, worse outcomes were found by Veldhuis et al 12 who used the European Organisation for Research and Treatment of Cancer Quality of Life Questionnaire-Core 30-questions (EORTC-QLQ-C30) and Quality of Life Questionnaire-Head and Neck 35-questions (EORTC-QLQ-H&N35) to assess QOL of 35 patients who were treated with total laryngectomy or partial laryngectomy. They found that 18 of 33 QOL scales were statistically significantly impaired 10 months after surgery. However, most of these patients were at more advanced stages of the disease and had undergone a total laryngectomy (60%), a fact that might explain the comparatively worse outcomes. Other studies, which examined patients' with head and neck cancer QOL, found that additional treatment modalities, such as adjuvant RT, 11, 13, 14 neck dissection, 11, 15 and feeding tube placement 14, 15 were associated with poorer QOL. Due to the lack of longitudinal data, more research is needed to clarify which relevant QOL changes patients and therapists can expect post partial laryngectomy.
Although QOL has become one of the major outcome factors for assessing head and neck cancer treatment success, statistically significant changes in QOL do not always imply actual clinically recognizable differences. Furthermore, it is important to keep in mind that group-level changes can be statistically significant but trivial in magnitude if the group sample size is large enough. Hence, anchor-based or distribution-based methods can be helpful in determining the clinical relevance of QOL data. 16 New approaches offer differential guidelines for interpreting separate domain scores instead of providing the same guidelines for all domain scores of the QOL questionnaires, thus providing more exact assessments of clinical relevance. 17 Unfortunately, definitions of clinically relevant QOL changes that pertain specifically to head and neck cancer are still lacking and need to be further researched. The purpose of this large prospective study was to assess the trajectory of QOL among patients who have undergone a partial laryngectomy, and to track clinically relevant changes over the course of the first year after surgery.
| MA TERI A LS AND M ETH ODS

| Design
In a multicenter prospective study with consecutive patient enrollment, data were collected between 2007 and 2015 at 15 hospitals in Germany (University Medical Centers Leipzig, Jena and Halle, Clinical Centers Sankt Georg Leipzig, Dresden-Friedrichstadt, Chemnitz, Stollberg, S€ udharz Nordhausen, Elbland Riesa, Martha Maria Halle D€ olau, Helios Erfurt, Carl Thiem Cottbus, Wald Gera, Bavaria Kreischa, and Sonnenberg Bad Sooden Allendorf). In these hospitals, all adult patients (18 years or older) with a full command of the German language who were diagnosed with laryngeal or hypopharyngeal cancer or carcinoma in situ, and who were planning on undergoing a partial laryngectomy were invited to participate. Each participating hospital informed the study center in Leipzig when a partial laryngectomy was scheduled, whereupon a member of the study team went to the clinic and met with the patient on site. The interviewer explained the purpose of the study and invited patients to participate. Each patient was informed about the data protection rights, content, design, and aims of the study, and was given a written consent form. Ethical approval was obtained from the Leipzig University Ethics Committee. The participants were interviewed before treatment (T1), 1 week after partial laryngectomy (T2), 3 months after partial laryngectomy or upon completion of rehabilitation treatment (T3), and 1 year after partial laryngectomy (T4). Patients were contacted by mail or telephone at each time point and asked for their consent to be interviewed again. At all 4 measurement points, a structured face-to-face interview (mainly due to an additional component to the study, which will be reported in another article) was conducted in the patient's home or in the hospital. Subsequently, patients completed the self-administered questionnaires independently.
| Instruments
Sociodemographic data were collected via structured interviews at T1. These data were obtained according to the standards of the German Pension Insurance Association, which were created so that sociodemographic data could easily be compared between German studies in the area of rehabilitation sciences. 18 Medical data were drawn from the patients' medical records 1 week after their procedure. The QOL of these patients were evaluated with the EORTC core questionnaire QLQ-C30 19 The EORTC-QLQ-H&N35 is a module designed specifically for measuring the symptoms of head and neck cancer, its treatment, and its treatment-related side effects. Thirtyfive questions generate 7 multiple-item scales (pain, swallowing, sensory problems, speech problems, impaired sexuality, trouble with social eating, and social contact), and 11 single-item scales (teeth, opening mouth, dry mouth, sticky saliva, coughing, feeling ill, pain killers, nutritional supplements, feeding tube, weight loss, and weight gain). Questions are answered on Likert scales and transformed into standardized scores ranging from 0 to 100. In all scales of the EORTC-QLQ-H&N35, high scores represent highly impaired QOL.
We used the German versions of these instruments, which are widely used and have demonstrated evidence of good reliability and validity. [20] [21] [22] [23] Moreover, both questionnaires have been validated in patients treated with partial laryngectomy.
24,25
| Statistical analysis
We only included patients who participated at baseline in our analysis. Patients who enrolled at later time points were treated as nonparticipants. If patients missed a measurement point, they were excluded from further analysis at later measurement points. The EORTC scores for both questionnaires were calculated in accordance with the EORTC guidelines. 26 To assess the clinical relevance of the QOL changes over time, EORTC-QLQ-C30 scores were interpreted using evidence-based guidelines from Cocks et al. 17 These guidelines are based on samples of mixed patients with cancer, expert opinions, and meta-analyses, and they focus on distinguishing between the different subscales. A clinically relevant "medium" change in global QOL, for example, is defined by a 10 to 15 point difference, whereas role functioning has to show a 19 to 29 point difference to be interpreted the same way. The subscale emotional functioning was excluded from interpretation due to the lack of reference values in the Cocks et al 17 guidelines. As no such data exists for interpreting the EORTC-QLQ-H&N35, we followed Osoba et al 16 and determined a score difference of 10 to 19 points to be a clinically relevant "medium" change, and a 20 point difference to be a "large" change. Because Cocks et al 17 have shown that differences between the 2 procedures can be pronounced, we decided to increase the validity of our results and did not include "small" changes in QOL for either the EORTC-QLQ-C30 or the EORTC-QLQ-H&N35. In order to facilitate the utility and implementation of our results in clinical practice, we decided to use a heat map; mean differences between baseline and each time point were compiled and clinically relevant medium and large differences were marked with different gray levels, enabling both health professionals and patients to quickly detect changes over time.
A nonresponder and dropout analysis was performed using Pearson's chi-square and Fisher's exact tests, to assess the risk of selection bias. We used the Mann-Whitney U test to evaluate differences in baseline QOL between completers and patients who dropped out during the study. Differences between pairs of measurement points were tested with the Wilcoxon signed-rank test. Generally, an alpha level of 0.05 was considered statistically significant. Due to multiple testing, the alpha levels for the comparisons of QOL over time were adjusted using the Holm-Bonferroni method. All data analyses were conducted using SPSS, version 22.0, statistical software (released 2013; IBM, SPSS Statistics for Windows, Armonk, NY).
| RES U LTS
| Response rate, nonresponder, and dropout analyses
Four hundred thirty-two patients met the inclusion criteria. Two patients died before the first potential interview and 2 patients could not be contacted at all. Eighty-three patients (19%) refused to participate at all and had various reasons for doing so, including low motivation (25%), distress due to cancer or cancer therapy (17%), time related (4%), or unspecified (54%).
Of the remaining 345 eligible patients, 127 patients were enrolled after T1. Two hundred eighteen patients provided QOL data at baseline and were included in further analysis.
One hundred thirty patients dropped out during the course of the study (T2/T3/T4) either because of death (n 5 0/2/6), subsequent total laryngectomy (n 5 1/1/5), no availability (n 5 9/6/2), incomplete data (n 5 26/15/11), or active decline (n 5 23/13/10). Reasons for active decline during the study were: low motivation (14%), strain (7%), time related (3%), or unspecified (76%). Ultimately, 159 participants (for differences between T1 and T2), 122 participants (T1-T3), and 88 completers (T1-T4, T3-T4) were included in the analysis of changes over time (at T3, 65 participants were interviewed 3 months after partial laryngectomy and 57 participants were interviewed after completing rehabilitation but there was no significant difference in the follow-up interval between these 2 subgroups). No statistically significant differences were found between participants and nonparticipants (including the excluded patients due to missing QOL data at baseline) regarding age, sex, tumor stage, operation, and tumor site. The same was true when comparing completers and patients who dropped out during the course of the study. For these 2 latter groups, an additional analysis found no statistically significant differences in education (P 5 .59) but did reveal a statistically significant difference in adjuvant therapy (P < .01). Patients who were treated with adjuvant RT dropped out more often during the study and completers were less likely to have received additional treatment. A similar distribution between these two groups was found among patients receiving adjuvant chemotherapy or radiochemotherapy. No statistically significant differences were found for baseline values of any the EORTC-QLQ-C30 or the EORTC-QLQ-H&N35 subdomains between completers and patients who dropped out during the course of the study (data not shown). However, weight loss at baseline tended to be a more serious issue in dropouts (P 5 .06). More detailed information is displayed in Table 1 .
| Sample characteristics
The sample consisted of 205 male and 13 female patients with a mean age of 62.8 years (range 40-86 years; SD 10.4). Among this group, 80% were diagnosed with early-stage disease (classification according to the Union for International Cancer Control 0-II). Most of the patients (63%) were treated with TLM and the next largest group by laser cordectomy (27%). Open surgery was performed in 10% of the cases. Tumor sites and additional clinical and sociodemographic characteristics of the sample are displayed in Tables 1 and 2. 3.3 | Changes in quality of life over time Upon visual inspection, the mean scores of all the subscales showed numerical deteriorations 1 week after surgery ( Table  3 ). After that, physical functioning, cognitive functioning, and dyspnea deteriorated further, their worst scores being recorded at 1 year postprocedure but the majority of the subscales gradually improved over time. Despite the positive general trend over time, after 1 year, 26 of 33 domains tended to show a numerically deterioration compared to baseline.
Between T1 and T2, the largest statistically significant and clinically relevant changes in QOL scores over time, as demonstrated on the heat map (Table 4) , were observed. With the exception of 4 domains (global QOL, emotional functioning, problems with teeth, and appetite loss), all EORTC-QLQ-C30 and EORTC-QLQ-H&N35 subscales showed statistically significant deteriorations 1 week after treatment. Clinically relevant medium and large changes were seen in 16 of 33 domains at that time (Table 4) .
Comparing T1 and T3, of the 12 head and neck specific subscales, which showed clinically relevant deteriorations between T1 and T2, 3 domains continued to show clinically worse scores at T3: sexuality (112.0 points; P < .01), sticky saliva (114.8 points; P < .01), and feeling ill (116.1 points; P < .01). Two scales, senses (112.7 points; P < .01) and dry mouth (110.4 points; P < .01), showed a single clinically relevant peak of deterioration at T3 relative to T1. The EORTC-QLQ-C30 scores showed more constant deteriorations over this period. Four of 15 subscales remained worse at T3 compared to baseline (social functioning, fatigue, pain, and financial difficulties), whereas dyspnea (112.6 points; P < .01) progressively deteriorated at T3 compared to baseline.
Between T3 and T4, both questionnaires reflected statistically but not clinically significant changes in the following areas: improvement in speech (-8.2 points; P < .01) and deterioration in dyspnea (15.3 points; P 5 .05). A comparison between T1 and T4, showed that 6 of 33 QLQ-30 and H&N35 subscales showed clinically relevant changes in QOL over the course of 1 year postprocedure, including a large improvement in weight gain (125.0 points; P < .01) and a large deterioration in dyspnea (117.8 points; P < .01). Medium deteriorations were observed in cognitive functioning (-10.4 points; P < .01), fatigue (115.0 points; P < .01), financial difficulties (121.2 points; P < .01), and sticky saliva (111.2 points; P 5 .01). Except for weight gain, no clinically or statistically significant improvements were seen 1 year after surgery compared to baseline.
Although there was a slight deterioration between T1 and T2 (-4.7 points; P 5 .02), the mean global QOL remained largely unaffected with no clinically or statistically significant change over time.
| DI S CU S S IO N
Only a few longitudinal studies with data on QOL among patients with head and neck cancer who have undergone a partial laryngectomy have been published so far. Often, patients with comparable stages of laryngeal or hypopharyngeal cancer had either undergone a partial laryngectomy but were only a small subgroup of a larger sample, or they had received primary radiochemotherapy or RT but had not been operated on. For this reason, comparisons of our results with those of other investigations have to be made carefully. Our data offer information regarding changes in QOL during the first year after partial laryngectomy. In interpreting our results, we focused on moderate-to-large clinically relevant findings.
Although the more specific EORTC-QLQ-H&N35 indicated that patients experienced an overall postoperative recovery, the more general EORTC-QLQ-C30 indicated that either no recovery or even deterioration over time took place in some domains. One year after partial laryngectomy, the EORTC-QLQ-H&N35 revealed the domain sticky saliva to Notes: Data are shown with mean differences between time points and P values (Wilcoxon signed-rank test) in brackets. Bold numbers indicate a statistically significant change after the Holm-Bonferroni method. Values marked with bright grey indicate a medium clinically meaningful change, and the values marked with dark grey indicate a large clinically meaningful change. Except for weight loss and weight gain, which can be interpreted 2 ways, all changes are impairments. Data were collected before surgery (T1), 1 week (T2), 3 months (T3), and 1 year after surgery (T4). a Excluded from interpretation due to the lack of reference values in the guidelines from Cocks et al. 17 be the only clinically relevant impairment remaining compared to baseline. However, the continuous positive trend could suggest a further improvement after our observed time span. In contrast to this slow improvement over time, all other head and neck specific subscales recovered to baseline level, many of them as soon as 3 months after partial laryngectomy. Improvements between 3 months and 1 year postprocedure were small and no clinically relevant change was seen in this period. Our results from the more general EORTC-QLQ-C30 revealed some interesting developments. Dyspnea and cognitive functioning deteriorated over time and with the worst scores being recorded at the last measurement point, whereas financial difficulties and fatigue worsened in the acute postoperative period and maintained the same level of deterioration through the 1-year follow-up period. Dyspnea in particular seemed to become a serious problem in that time span, showing a clinically relevant large change between baseline and 1 year after partial laryngectomy. Comparable data were found in the larynx subgroup (n 5 35) of a study by Veldhuis et al 12 with patients who had undergone a partial laryngectomy or total laryngectomy and experienced similar clinically relevant deteriorations in these 4 subscales 10 months after surgery. Using the EORTC-QLQ-C30 and EORTC-QLQ-H&N35, Veldhuis et al 12 reported generally poorer outcomes 1 year postprocedure in the laryngeal cancer subgroup compared with the scores from our sample at the same time point. However, most of the patients with laryngeal cancer in the Veldhuis et al 12 study were at more advanced stages of the disease and had undergone a total laryngectomy (60%), a fact that might explain the comparatively worse outcomes they reported. In contrast with the results of our study, other studies with patients treated with partial laryngectomy 13 or RT 27 did not report a significant worsening of dyspnea. The item-scale dyspnea consists of the question "Were you short of breath?", which is very general and unspecific, making it difficult to speculate about explanations for the high scores we saw. One possible factor that might have contributed to dyspnea and fatigue could be that our patients stopped participating in sports and physically demanding tasks, lost their physical capacity and endurance, and did not return to these activities after treatment. Statistically significant impaired scores in physical functioning and increased dyspnea over time may support this assumption. Physical therapy follow-up treatment as well as encouraging patients to find their way back into an active life could help to reduce these detriments of their QOL.
Vilaseca et al 11 examined 93 patients' QOL using the University of Washington Quality of Life Questionnaire and the SF-12 questionnaire before and 1 year after TLM. They found no significant deterioration after 1 year except for those indicated by the SF-12 vitality score. Patients with early and advanced glottic and advanced supraglottic tumors showed significant postoperative improvements in mood, pain, and anxiety. Significant improvements in patients with early supraglottic tumors were found for the domains pain and swallowing. Although speech improved in the patients with early glottic tumors group, scores of patients with supraglottic or advanced glottic tumors remained unchanged or showed a nonsignificant tendency to worsening. Based on these results, Vilaseca et al 11 concluded that their patients had a very good QOL 1 year after undergoing TLM. Our data seem consistent with these improvements only in so far as corresponding areas in our questionnaires (pain, pain in the mouth, emotional functioning, speech, and swallowing) showed no clinically relevant deterioration after 1 year. Another longitudinal study conducted by Johansson et al 27 analyzed the QOL of 100 patients with mostly early stages of laryngeal cancer who were treated with RT only. Similar findings using the EORTC-QLQ-H&N35 indicated only 2 statistically and clinically significant changes after 1 year of recovery time: sticky saliva did not recover to baseline level, whereas speech was the only area that improved.
As speech showed no comparable statistically significant change in our data, we cannot directly confirm these results. Nevertheless, we did observe a slight, nonsignificant tendency toward improvement in this area. Another clear difference appears in the sexuality domain, which was not affected in the Johansson et al 27 study. The worsened scores in our data might be a result of the more invasive nature of the procedure. However, Singer et al 28 analyzed 206 patients treated with partial laryngectomy or total laryngectomy and found that different treatment modalities were unrelated to sexual problems, whereas psychological distress had the strongest association with reduced libido and sexual enjoyment after laryngeal and hypopharyngeal cancer treatment. Johansson et al 27 noted worsened fatigue scores in the first 3 months and then a return to baseline 6 months after treatment. Although global QOL and emotional functioning improved over time in that study, cognitive functioning remained at the baseline level. Distinct differences can be seen in our impaired scores of fatigue and cognitive functioning. As these 2 subscales tended to be worse with additional RT in previous studies, 11,13,14,29 a correlation could be presumed.
However, an initial overview of the subscales fatigue, cognitive functioning, and dyspnea from patients treated without any adjuvant treatment in our study revealed that scores were comparable to scores of the overall group. One of the main problems mentioned by the patients in our study was financial difficulties. As social security and financial conditions depend strongly on national and regional circumstances, it should be noted that another study from Singer et al, 30 which was performed in the same hospitals but with patients treated with total laryngectomy, revealed comparable clinically relevant deteriorations in financial difficulties. Socioeconomic context seems to be an independent risk factor for head and neck cancer. 31 In our experience, low incomes and negligible to nonexistent financial reserves are common among patients with head and neck cancer and could be a reason why reduced earnings after diagnosis may affect this group even more severely. Because socioeconomic status is significantly linked to QOL and is a prognostic factor for morbidity and mortality in patients with head and neck cancer, 32 their financial and professional circumstances should be observed more closely and they should be provided with information about possible financial support during hospitalization. A general inclusion of social workers into therapy teams could help to achieve these aims.
As weight loss and weight gain are interrelated, it might be assumed that the large changes seen in our data can be reduced to the fact that our patients incurred weight loss during the week after surgery. This might be due to the circumstances of artificial nutrition inherent to the operation procedure.
We found that 26 of 33 domains were numerically worse 1 year later compared with baseline values. Even if most of the differences were not clinically relevant, one could presume that our patients would indicate an impaired global QOL. Nevertheless, the subscale global QOL showed no statistically significant deterioration over time. An explanation for this could be that even when multiple aspects of QOL deteriorate, patients may tend to maintain a generally positive view of their life.
Existing research has suggested that patients who receive partial laryngectomy go on to experience good QOL 11 but our longitudinal data revealed that some significant impairments to QOL do persist even after 1 year of recovery time.
Patients' expectations play a major role in the assessment of QOL after surgery. 33 It has already been discussed in other studies that this is also true for patients who undergo a partial laryngectomy 34, 35 but future research is needed to clarify the correlation between preoperative expectations and QOL after partial laryngectomies. The presumed small treatment procedure and, in most of the cases, the fact that patients are at an early stage of their cancer disease could lead to overoptimistic expectations. We recommend informing patients carefully about potential lasting impairments in advance, as this might make it easier for them to cope with them if and when they occur. Furthermore, we recommend that healthcare providers actively ask about potential deterioration of QOL (in particular: dyspnea, fatigue, and financial difficulties) during follow-up examinations, encourage patients to find their way back into an active life, offer physical therapy treatment options, include social workers into therapy teams, and provide information about possible financial support.
| Limitations of the study
One clear limitation of the study was the high attrition rate. However, statistical analysis revealed only one difference in adjuvant therapy between those who completed the survey and those who dropped out, whereas no differences were found between participants and nonparticipants. Another limitation is the heterogeneity of the patient groups included in this analysis. This can lead to difficulties in making statements about rare subgroups, for example, about patients with subglottic cancer. The exploratory and descriptive nature of the analyses and the high refusal rate are further limitations of this study. The study focused only on moderate-to-large clinically relevant differences, which may have obscured small clinically relevant changes. As a result of the collaboration across 15 German treatment centers, a particular strength of the study is the large size of the patient cohort included, especially considering how few studies have thus far investigated the QOL of patients who have undergone partial laryngectomies.
| CON CLU S IO N
Patients who have had a partial laryngectomy have the same QOL in many areas 1 year later as they did before the operation. Head and neck specific areas showed faster recovery than general domains, and, with one exception (sticky saliva), were not moderate-to-large impaired to a clinically relevant degree 1 year later. Some areas of general QOL (dyspnea, financial difficulties, fatigue, and cognitive functioning) remained worse or deteriorated further. The discovered impact of such procedures on QOL should be observed more closely during follow-up treatment, and patients should be informed about these potential effects before undergoing the operation. Future research is needed to confirm our findings and should include a focus on how patients' expectations correlate with their QOL after undergoing a partial laryngectomy.
